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Abstract

Background: Scalp and neck (SN) melanoma confers a worse prognosis than melanoma of other
sites but little is known about its determinants. We aimed to identify associations between SN
melanoma and known risk genes, phenotypic traits and sun exposure patterns.

Methods: Participants were cases from the Western Australian Melanoma Health Study
(n=1,200) and the Genes, Environment and Melanoma Study (n=3,280). Associations between risk
factors and SN melanoma, compared with truncal and arm/leg melanoma, were investigated using
binomial logistic regression. Facial melanoma was also compared with the trunk and extremities,
to evaluate whether associations were sub-region specific, or reflective of the whole head/neck
region.

Results: Compared with other sites, increased odds of SN and facial melanoma were observed in
older individuals (SN: OR=1.28, 95% CI=0.92-1.80, Pireng=0.016; Face: OR=4.57, 95% C1=3.34—
6.35, Pteng<0.001) and those carrying /RF4-rs12203592*T (SN: OR=1.35, 95% CI=1.12-1.63,
Pirend=0.002; Face: OR=1.29, 95% CI=1.10-1.50, P;eng=0.001). Decreased odds were observed
for females (SN: OR=0.49, 95% C1=0.37-0.64, P<0.001; Face: OR=0.66, 95% CI=0.53-0.82,
P<0.001) and the presence of nevi (SN: OR=0.66, 95% CI1=0.49-0.89, P=0.006; Face: OR=0.65,
95% CI=0.52-0.83, P<0.001).

Conclusions: Differences observed between SN melanoma and other sites were also observed
for facial melanoma. Factors previously associated with the broader head and neck region, notably
older age, may be driven by the facial sub-region. A novel finding was the association of /RF4-
rs12203592 with both SN and facial melanoma.

Impact: Understanding the epidemiology of site-specific melanoma will enable tailored strategies
for risk factor reduction and site-specific screening campaigns.

INTRODUCTION

Cutaneous malignant melanoma is a major public health issue, particularly in light-skinned
populations. It is a complex cancer thought to arise from multiple genetic and environmental
factors and their interactions, and it also exhibits a site-specific pattern of development (1,
2). Most current research has focused on the head and neck, upper limbs, lower limbs and
the trunk as broad anatomic sites of interest. The head and neck region is of particular
interest, as while it accounts for 9.0% of the body’s total surface area, melanoma tumors in
the region account for 12.0- 26.0% of total melanoma incidence (3, 4). They also have a
poorer prognosis compared with melanomas arising on other sites of the body, with reported
five-year survival rates of 78.9% compared with 93.1% (4, 5). Further prognostic differences
have been observed within the head and neck region. Studies have consistently shown a
worse prognosis for scalp and neck (SN) melanomas compared with melanoma of other sites
(including other head and neck sites), with lower five- and ten-year survival rates and a
higher incidence of melanoma-specific mortality (4, 6-9). Several histopathologic factors,
such as tumour thickness and the presence of ulceration, have been associated with poorer
prognosis in SN melanoma but these do not account for all of the variation seen in survival
rates and prognosis between melanoma in this region and other anatomic sites (10, 11).
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SN melanoma is therefore an important subset of melanoma and further investigation is
required to better understand the underlying biology and determinants of melanoma at this
site. Identifying risk factors associated with SN melanoma will also inform strategies for
tailoring risk prevention in those at greater risk of this subset of melanoma. To date, most
research into the individual and environmental determinants of anatomic site of melanoma
development has focused on the broader anatomic regions. The limited research into risk
factors specifically associated with SN melanoma has shown that it occurs more frequently
in males than females, and in comparison to melanoma of all other sites, often occurs at an
older age (4, 6). There is also little known regarding genetic polymorphisms associated with
site-specific melanoma development, including whether there is a genetic predisposition
specifically to SN melanoma.

Therefore, the purpose of this study was to use data from two large population-based
melanoma studies to determine whether the associations between demographic factors,
known melanoma susceptibility traits, environmental exposures and genetic polymorphisms
differed between SN melanoma and other anatomic sites. Facial melanoma was considered
separately to enable us to discern whether any observed associations were specific to SN
melanoma, or more reflective of an association with melanoma of the broader head and neck
region.

MATERIALS AND METHODS

Study design and sample

Two independent population-based collections of primary melanoma cases were used, the
Western Australian Melanoma Health Study (WAMHS) and the Genes, Environment and
Melanoma (GEM) study. Analyses to investigate the association between known melanoma
risk factors and anatomic site were conducted as pooled analyses, using both the WAMHS
and GEM cases.

Both study populations have previously been described in detail (12, 13). Briefly, the
WAMHS consists of 1643 consenting participants, who were diagnosed with primary,
invasive melanoma between the ages of 18 and 80 years. All participants were recruited
from the Western Australian Cancer registry between 2006 and 2009. There were 1215
individuals with both questionnaire and genetic data available and after excluding those with
missing anatomic site data (n=4) and missing or non-European ancestry (n=11), there were
1200 WAMHS individuals available for analyses.

The GEM study is an international, multi-centre study, consisting of 3579 melanoma cases,
who were recruited as either single primary melanoma cases (first invasive, primary
melanoma) or multiple primary melanoma cases (second or higher-order primary melanoma,
either invasive or /n sit). Participants were recruited from 2000 to 2003 from eight
population-based cancer registries and one hospital centre in four countries: Australia,
Canada, Italy and the United States of America. Our analyses included only the primary
melanoma that was used for recruitment into the study for both single and multiple primary
cases. Cases without the relevant genetic single nucleotide polymorphism (SNP) data
(n=16), unspecified head and neck site data (n=11), non- European ancestry (n=12) and in
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situmelanoma (n=274) were excluded (not mutually exclusive). This resulted in 3280 GEM
cases and a total of 4480 melanoma cases from both studies that were available for the
pooled analyses.

Ethics Approval

Ethical approval was obtained from each study site’s institutional review board for all data
collection and subsequent analyses, and written informed consent was obtained from all
participants.

Assessment of anatomic site

Anatomic site was defined by International Classification of Disease for Oncology 3rd
Edition (ICD-0-3) topography codes for the skin (C440 — C449) (14). The dependent
variables for analysis were categorical variables of SN melanoma vs. melanoma of the trunk
and extremities, and facial melanoma vs. melanoma of the trunk and extremities. SN
melanoma was classified by ICD O-3 code C444 and facial melanomas were classified by
ICD O-3 codes C440, C441, C442 and C443, which included melanoma of the lip, eyelid,
ear and other parts of the face. Histopathology data were obtained from pathology reports
for WAMHS participants and by pathologist review for GEM participants.

Demographic, phenotypic and sun exposure data

All demographic, phenotypic trait and sun exposure variables were derived from the
harmonisation of the WAMHS and GEM questionnaire data. Comparable self-reported data
had previously been collected by both studies, using questionnaires that were administered
by telephone interview. Synonymous definitions were created for each risk factor and
identical inclusion and exclusion criteria were applied to all variables.

Demographic variables were sex and age at diagnosis. Phenotypic variables were the
presence of nevi (based on pictures of four bodies showing different degrees of nevi
coverage), freckles in childhood (based on six pictures showing degree of facial freckling),
hair color, eye color and skin color. Propensity to burn and ability to tan were based on
reported skin response to one hour of sun exposure at the beginning of summer and repeated
exposure during summer, respectively. Categories were condensed into binary burn and tan
indices for ease of analysis due to sample distribution, as were categories for freckling and
naevi.

Environmental variables focused on sun exposure during the critical childhood and
adolescence periods (15). For both time periods, the number of painful and blistering
sunburns were used as proxy measures of intermittent exposure, and average weekday and
weekend exposure between 9am — 5pm during the warmer months were used as measures of
cumulative exposure. Whether patients had ever used a sunbed in their lifetime was also
included.

Genetic data

We included known melanoma susceptibility SNPs that had previously been identified from
the literature and genotyped prior to commencement of this study. There were 22 SNPs
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common to both the GEM and WAMHS data that were extracted for this study. The minor
allele frequency was determined for each SNP and compared with the 1000 Genomes-CEU
minor allele frequency (16) (Supplementary Table 1).

DNA samples from WAMHS participants were extracted from peripheral blood samples and
genotyped on an lllumina OmniXpressExome-v1 chip (San Diego, CA, USA), using
standard quality control procedures. DNA samples from GEM participants were collected
from buccal brushes and SNPs were genotyped on the MassArray iPLEX platform (Agena
Bioscience, formerly Sequenom, Inc., San Diego, CA, USA), using quality control measures
previously reported (17).

Statistical analyses

RESULTS

Distributions of key participant characteristics in the pooled sample were summarised using
means, standard deviations, frequencies and proportions. Logistic regression models were
used to estimate odds ratios (ORs) and 95% confidence intervals (Cls) for SN melanoma and
facial melanoma, compared separately to other sites of melanoma. Models were adjusted for
age at diagnosis, sex, study centre (each of the nine GEM collection sites plus WAMHS as
the tenth site) and whether it was a first or higher order melanoma.

Candidate gene analyses used an additive genetic model and the same logistic regression
model approach to estimate the per-allele (based on the minor allele) ORs and Cls for each
SNP. Models were also adjusted for study features. The Monte-Carlo test (18) was used to
adjust for multiple testing and take into account linkage disequilibrium between the 22
SNPs, with an estimated significance threshold of P<0.003 determined. To check the
appropriateness of pooling the data from the GEM and WAMHS studies, we conducted
random-effects meta-analyses and tests of heterogeneity using the R package ‘metafor’ (19)
for all variables with a statistically significant result. All analyses were undertaken using the
software program R v.3.3.3 (20).

Study sample characteristics

The demographic and phenotypic characteristics of the final study sample are presented in
Table 1. The sample comprised 293 cases of SN melanoma (6.5%), 460 cases of facial
melanoma (10.3%) and 3727 cases of melanoma at other anatomic sites (trunk: n=1883
(42.0%), extremities: n=1844 (41.2%)). There were more males (56.2%) than females
(43.8%), and the average age of diagnosis was 58.2 years (standard deviation=15.1 years).

Demographic, phenotypic and environmental risk factors

The associations of each variable with SN melanoma and facial melanoma, compared with
other anatomic sites, are presented in Table 1 (demographic and phenotypic traits) and Table
2 (sun exposure). The strongest association observed was for sex, with female sex conferring
a significantly decreased odds of developing both SN melanoma (OR=0.49, 95% CI=0.37—
0.64) and facial melanoma (OR=0.66, 95% C1=0.53-0.82), compared with other sites. Age
at diagnosis was also associated with both regions of the head and neck compared with other
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sites, although the pattern of association differed between the two sites. The odds of
developing facial melanoma increased consistently with increasing age, with an OR of
almost five observed in individuals more than 70 years of age (OR=4.57, 95% Cl=3.34—
6.35). On the other hand, a reduced odds of SN melanoma was observed for persons in the
age group 50 to 59 years as compared with other ages.

The presence of nevi was associated with a reduced risk of melanoma at both anatomic sites
(Face: OR=0.65, 95% C1=0.52-0.83; SN melanoma: OR=0.66, 95% CI=0.49-0.89). A
significant association was observed between facial melanoma and hair colour but not with
SN melanoma. Lighter (OR=0.79, 95% CI1=0.64-0.98) and red hair (OR=0.65, 95%
Cl1=0.42-0.97) conferred a decreased odds of developing facial melanoma, compared with
dark hair. A greater number of painful (OR=0.73, 95% CI=0.58-0.92) and blistering
sunburns (OR=0.72, 95% C1=0.56-0.92) in childhood were also each associated with
decreased odds of facial melanoma. No significant associations were observed for any other
pigmentary traits or environmental exposures.

Candidate gene associations

Prior to adjustment for multiple testing, the minor alleles of two SNPs were significantly
associated with facial melanoma, and one with SN melanoma (Table 3). The minor T allele
of rs12203592 in the interferon regulatory factor-4 (/RF4) gene was associated with an
increased odds of melanoma at both sites (Face: OR=1.29, 95% CI=1.10-1.50; SN
melanoma: OR=1.35, 95% C1=1.12-1.63) and the T allele of rs11263498 in the cyclin D1
(CCND1I) gene was associated with a decreased odds of facial melanoma (OR=0.81, 95%
Cl1=0.70-0.94). Following adjustment for multiple testing, only rs12203592 (/RF4) passed
the Monte-Carlo significance threshold (P<0.003) and remained significantly associated
with both anatomic sites.

Meta-analyses

Tests of heterogeneity showed that the results for both SN and facial melanoma were
generally very consistent between the GEM and WAMHS samples (P>0.3 for all variables),
and the forest plots show that the confidence intervals for the results are highly overlapping
between the GEM and WAMHS samples (Supplementary Figures 1 and 2). Together, these
data indicate that since heterogeneity between the GEM and WAMHS results is low, a
pooled data analysis was appropriate. Further, the direction of association in each of the
separate GEM and WAMHS samples was the same as in the pooled analyses for each
significant demographic, pigmentary and sun exposure variable (Supplementary Figures 1
and 2). The association between the /RF4 SNP and SN melanoma in the smaller WAMHS
sample suggested a reduced risk when rs12203592*T was present instead, although this
association was close to the null (OR=0.92, 95% CI=0.64-1.29). All other associations with
IRF4 were observed in the same direction.

DISCUSSION

We identified several significant differences in risk factors between SN and facial
melanoma, and melanoma of other anatomic sites. The decreased odds of both face and SN
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melanoma amongst females was the strongest association observed for both sites, and was
consistent with previously observed patterns of sex-specific incidence across anatomic sites
(21-23). A striking result was the substantial increase in the odds of developing facial
melanoma, compared with other sites, with each decade after the age of 50 years. Although
it has been widely reported that older individuals are more likely to develop head and neck
melanoma in general (21, 24), it has not been shown previously that this association may be
driven predominantly by the facial sub-region.

The inverse association we observed between lighter hair colour and facial melanoma was
also novel. A previous meta-analysis found melanoma of sun exposed regions, including the
arms and the entire head and neck region, to be associated with hair color (25). Our results
suggest that this association may be primarily driven by the facial sub-region. Similarly, the
likelihood of both SN melanoma and facial melanoma was reduced in the presence of nevi,
compared with other sites, in line with previous study findings (25-28). We also observed a
reduced odds of facial melanoma in individuals with a history of childhood sunburn, which
is indicative of intermittent sun exposure.

Whilst previous studies have investigated genetic associations with the broader regions of
the trunk and head/neck (5, 29, 30), we investigated for the first time whether there is a
genetic predisposition specifically to SN melanoma and if it is biologically distinct from
facial melanoma. We observed a significant increase in the odds of both SN melanoma and
facial melanoma with each additional copy of the minor T allele of /RF4 SNP rs12203592, a
functional variant known to influence expression of the gene (31). These results are in line
with a recent hospital-based study that observed a positive association between
rs12203592*T and the development of all head and neck melanomas (30), and suggest that
melanoma risk SNPs may play a role in the site-specific development of melanoma

The same T allele of the /RF4 SNP has also previously been associated with various
pigmentation traits, including associations with fewer nevi in adulthood and darker hair (32—
35). The direction of association we observed between these phenotypic traits and anatomic
site suggested the association could be driven by the rs12203592 C>T polymorphism. To
assess the independence of our observed associations, we included rs12203592 in the
phenotypic trait models but found no notable differences in results (Supplementary Table 2).
Similarly, when the rs12203592 model was adjusted for each relevant phenotypic trait (nevi,
freckling, hair colour, eye colour and ability to tan), no attenuation of results was observed
(Supplementary Table 3). These results suggest that the observed genetic and pigmentary
associations are independent from one another

Our observations for nevi and sun exposure are also consistent with the divergent pathway
model for melanoma (27). There is growing evidence in the literature for the existence of
two distinct pathways to melanoma development. One is driven by high levels of cumulative
sun exposure and characterised by melanoma on sun-exposed sites, such as the head and
neck, and solar elastoses as a histological marker. The other is driven by a high propensity
for nevus development and characterised by melanoma on less exposed sites and the
presence of neval remnants histologically (24, 27, 36, 37). In line with this model, our
findings for SNP rs12203592 are also consistent with a recent GEM study that found
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rs12203592*T was positively associated with melanoma tumors that had solar elastoses
present, and inversely associated with tumors that had neval remnants (37).

Lentigo maligna melanoma is known to occur primarily on the head and neck, especially in
older males with sun-damaged skin (3, 38, 39). Therefore, we also performed additional
analyses to assess the potential effect of histology on the results. Models for significantly
associated variables were adjusted for histology (lentigo maligna melanoma vs. other
subtypes) but no difference in results was observed for phenotypic traits before and after
adjustment for histology (Supplementary Table 4). The estimated odds ratios were
attenuated for age for both face and SN melanoma, and the associations between facial
melanoma and sun exposure became only marginally significant when adjusted for
histology. These results suggest that the association between anatomic site and both age and
sun exposure may be mediated by histologic subtype.

Limitations of the study included the use of self-reported risk factor information that may
have been subject to recall bias and the use of two slightly different study questionnaires.
Although our rigorous method of data harmonisation minimised major discrepancies
between the datasets, an inherent limitation of pooled studies is that some variables are not
available in both study samples and this therefore constrained some analyses. This included
the absence of validated tools for assessing skin color, tumor staging data, detailed sun
exposure history and a subset of known risk SNPs. To address this issue, substitute or proxy
variables that were available in both studies were used instead where possible. For example,
the use of self-reported skin color as the best available measure, and the use of sunburn as a
proxy measure of intermittent sun exposure, as previously suggested in the literature (40).
The key strengths of this study were the population-based study design and the use of two
large and well characterised studies with comparable data. This facilitated a robust, pooled
study design and made it the largest study to date to investigate the genetic and non-genetic
factors associated with SN melanoma.

In summary, our investigation found that known melanoma risk factors may not play a role
in distinguishing the profile of SN melanoma. All risk factors associated with SN melanoma,
compared with melanoma of other anatomic sites, were also associated with facial
melanoma. Additional risk factors were also identified as being associated only with facial
melanoma. Our results are novel as we have demonstrated that some factors known to be
associated with head and neck melanoma in general may in fact be driven predominantly by
facial melanomas. These findings that sub-regions of the head and neck area may not share
the same risk factors add to the heterogeneous nature of the literature, and provide new
avenues for future research. It is possible that factors more biological in nature drive the
development of SN melanoma and influence the worse prognosis commonly observed at this
site. Further work is now needed to identify new candidate risk factors for SN melanoma
and disentangle the biological determinants of this anatomic sub-region.

Our results also reinforce the notion of two distinct pathways for the development of
melanoma, and further suggest /RF4 could play a role in determining pathway-specific risk,
which is often marked by melanoma of different anatomic sites. A better understanding of
the complex etiology of the disease and the development of a site-specific risk profile for
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individuals who are highly susceptible to melanoma would have significant clinical
implications. Early detection is critical for improving melanoma survival and identifying the
combination of risk factors associated with melanoma of specific anatomic sites, particularly
those that carry a worse prognosis like SN melanoma, may help us to identify melanoma in
susceptible individuals at an earlier stage. This knowledge has the potential to be translated
into a more accurate risk prediction algorithm for use in clinical settings, enabling site-
specific screening campaigns, and encouraging more targeted skin checks to identify
melanomas earlier and improve prognosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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